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Abstract not available for JP 2004508707 (D 
Abstract of corresponding document: WO 0219386 <A2) 
A method of fabricating an MRAM cell (10) includes 
providing an isolation transistor (12) on a 
semiconductor substrate (1 1) and forming an 
interconnect slack (13) on Ihe substrate in 
communication with one terminal of the transistor. A 
via (14) is formed on the upper end of the stack so 
as to extend from a position below the digit line (15) 
to a position above the digit line. T>ie via also extends 
above the upper surface of a dielectric layer (20) to 
provide an alignment key. A MTJ memory cell is 
positioned on the upper surface in contact with the 
via, and the ends of a free layer of magnetic material 
are spaced from the ends of a pinned edge of 
magnetic material by using sidewaH spacers and 
selective etching. 
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ihifl invention relates to apparatus aiwl mab^iod for 
lucrsftBitig the dwaelty of KRMI celLe in a iwensory amy. 



The architectura for ifeignetorftelBtivB 'Random accobs 
(MFlAM) is eocnioHed of a plurality or array of 
memory cells and «l plurality of digit and bit line 
interBaotions. TliB maffnatoreaiativa memory cell generally 
u«ea iB coinpOBod of 4 joaspaatic tunnel junction itclJ) , an 
isolstion translator r anS the intersection of diffit and 
bit Itnas. The isolation tranaietor is generally a IT- 
channal field effect traiisistar (FBTl - An interconnect 
stack connects the isolation transistor to th© MTJ device, 
to the bit line, and to the di^tt line used to create part 
of the roagnetic field for programrting the JOtRM cell. A 
Standard CMOS process that utilizes a planar interaonnect 
backend Is generally uaed for the iat«grBtian of the HKAM 
cells. Planar backend intereonnact scli«aee axe Cound in 
architectuiea udtng tungeten otud or damaecene copper 
interconnects. The interconnedt stock of the CMQS b«k>ceb» 
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can hm either Al-Cu ox copper b^sad inter connect 
materials. T^ha ntmiber of dnterconiiect Layers In the OK3S 
pracesB j«iy vary, dopehding upon the specific itientary and 
devioea asBoclated with the memory which a3?e fahrlcated on 
5 the sajtw chip. Because the memory includ^B hundreds of 
thouBAEidB of cellSf cv@n small area Eavin^S in each cqII 
can result iia major advantaoea in denBity of the memory. 

Accordingly it ia highly deeirabae to provifle 
apparatus and « method of inprovinsr the density o£ MEIAH 
iO cellB in a memory array hy reduclas the area of individual 
KRAH cellB. 



Brief Deae riptiwi of tha Drawinga 

L5 

Iteferxin^r to the dxawinCTs: 

PIO, 1 is a sectional viev of an interconnect for an 
HRAH cell illustrating the lase of a standard CMOS process 
in the line and stack formation; 

20 TXG- 2 io a sectional viewr similar to PIG. 1, of atx 

interconnect for an HRAM cell illuatxating the ud« of 
ncval steps in accordajioe with the present invention in 
the line end stack formation; 

PIG. 3 ia a eecbional view, almllar to FIG. 2, 

25 i nitrating further steps in th« stack fccmatlon in a 
novel process in accordance with the present invention; 
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FI<53. 4, 5, and 6 arm a aeriefl of eectlan*! views of 
an MTJ inemory cell illustrating the importance o* unifQsm 
spacing of tha ende of the inagxietic layers; 

7 thxoxigh 13 aro eaetional artfl top plan viowfl 
S illuatrating de<3uential steps in » procosa of fabricatiiia 
an MTJ metDory cell lu accordance with ths psresent 
imrantlcsn; 

■Fi<3, 14 ia a sectional view ao cssd from the line 14- 
14 in PIG. 13; and 
LO Pl<i. 15 is a simplified oacticMaal viw of a complete 

collect magnet oreeiBtive random accaafi memory cell in 
accordance with the prosent iiW«Rtion - 



RaeeirrinB apacifically to PIG. 1, a eectional view of 
an interconnect for a MEUtfl cell 10 i* illwatxatea TAclng a 
standard C3iK>S proceBS in. ttie line and etacX formation. 

20 Cell 10 includes a semiconductor sutstrate 11 haviae an 
ieolatlon transistor 12 farmed thereon. In accordance 
with the standard and well >iio>m. CMOS process, an 
intorccmnect stack 13 of viae and inetalllsation layers are 
fcjrzned to provide the interconnection* for the integrated 

as circuit and the memory cell array in which coll 10 la 

included. Interconnect stack 13 is formed by providing 
dielectric layera, maakinff and etchiiag, and metal 
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depoaitiort all 1ft a well icnawQ manner. Also in accoTdgnca 
with the standaid ana well kntjwn process, th« metal 
including the firdt viaa on the scmirda and drain textftinala 
oC isolation treoidistor X2 la r-afexxed to «P tha contact 
5 lay«r (CT^T) . "rtie metalization laytir forming the first 
layer of interccmnocts is referred to as tha first 
matalizatioti Ivyvx: (KlJ . Vias foCTied on layer Ml ara 
refsirred to as the first via layer (VdaD , the next 
metallization layer is tha second nvetall zatlom layer (H21 , 

10 followad sequentially ty a via layer Vla2, a third 
mstalizatioa layer M3, and as many, Rkore or less, 
additional via layers and metallsatian layers as ara 
needed to provide the desired Interconnect for tha 
specific apparatus and application. 

IB A final via 14, in a layer deaignated BVia, Is 

provided for connecting 1 eolation transistor J. 2 to a 
magnetic tvuuiel jimction (KKTl bit cell, to be e=)ij>lained 
praaently. Another matalization layer, daslgnated HDL, 
includee a digit line 15 associated with the MTJ hit cell 

20 (not Ehown) . At this point it is standard practice to 
provide a metal izat ion connection 16 to via 14 and digit 
line 15 in Tuetalization layer MDL using the same 
lithography step- THe major problem with fchia procedure 
iff that the aiave or anea of comieotion 16 has a lower 

25 limit or mlnlmun ar-ea valua within the lithograpliy 

procesBj Bince it ia printed with digit line 15 . In 
general, the adnimum length lu 2 times the mininmm vidth 
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wtwn liaM Bnd connectionB ar© included In the Mine 
lithdflraptiy »top. AIbo, connection 16 tmiflt be opaced a 
minlinuin dxatenca, dBeignoted 17, from dioit li^ie 15. The 
itdnimuni ar«« value of connection 16 sevflrely restricts or 
5 limits the size to which MEAM cell 10 can be reduced. Th« 
miniraun* distance spacing of features printed on tbe saifte 
layer ia bett« than tTie gpacins Iwtwemi featuree on 
diff^wt iithograptoy layers. Tlie fwadarontal reason ie 
tlwit there is no overlay error between faaturte parinted on 
10 the BAIM layer. 

Turning now to FIG. 2, a aectional view, aimilar to 
■ FIG. 1, of an intarcomiect Jot an HRAK cell 10" is 

llluattatad in accordance witti tha presfent invention, la 
FIG. 2, conffionttnta similar td coqqponanta in PIG. 1 are 
15 aeBlgnatea with aimilar nujabers and a prima is added to 

all numbers to indicate the different ezTODOfiiin^t . In this 
enbodiment, a via 14' at the upper end of interconnect 
atack 13* is Inoluded in connection with toe tali aation 
layer M3, but met all z»t ion coanection 16 (Fia. 1) ia not 
2Cs included in the process. A memory via IB', also 

designated M-Via, ia forwed through all of the intervening 
layers to connect with via 14'. Digit line 15' iB formed 
independent of interconnect stack 13 « - Since the minJimim 
area value of via 18' ia not Inciuded with tha dioit line 
25 15' lithography etep both disrit line 15' and via 18* can 
be made to ha minimum lithography. TCherefore, the anly 
limit is on the dtptance 17 ' from intemonnect atftclc 13 ' . 
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>(heii via 18^ ±« printed independant of aiJia 15' the letigth 
to wl<3th ratio can be one. thuB mininiixing the a«a 
requirefAent of the feature. 

with digit line 15' ccmiJletedr a final di«lectxie 
5 layer 20' ij& deposited aiud the upjier surface is atrtoothed 
by some convenient method, such as mechanical polishing or 
the like. Dielectric layer 20' ie made much thinner than 
otanaaxd intarlayer (Jialectric in order to iiacraawo 
maflnetic coupling betinean diffit line 15- to the magnetic 
IC elanwnt de(pc»ited era the top surface of dielectric 20 - . 
Since dielectric layer 20^ is thin, the aspect ratio of 
the via IS • is eutoetantially Jnalntained at the standard 
/nantmrnn aspect ratio, therefore mafcins it poasible to 
print and fill minimum geoattstqcy via 18' . Digit line 15' 
15 at ill requites a connection to via 14' in other parte of 
the circuit, outeido ths memory core (not otiownl . Via 18' 
{ln/ia> cannot connect to M3 beoauee it would dieconneot 
MDL from the other parte of the circuit. Because via 18' 
(^EVial is restricted in its uae and feature alJte {feature 
20 size is held constant), the lithography process can be 
cptimiaea to print this small feature, similar to a via. 
The lithography process cannot be optimised to print 
minimum features and large features cancuxrcntly- 

Cgntinulng in the praceee oi fabricating HRAK dell 
25 10', a blanket layer of aiaterlal la deposited over the 

Binoothed upper surface of dielectric layer 20', in a firet 
step of the fahcicatioan piroeaaa of the M3M bit cell (not 
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Bbowa) . Gotwrolly the blanket layer will be a 
metallization to connsct inter^ionnwrt via 18.,- of etacJs. l3 ' 
to tie MIU bit cell. If the blanket layer io deipOBited 
and amoothed to allow deipoBitlan of the MTO bit coll 
5 c^jHTJonents, a<wne alignment key or feature must be placed 
on the layer to allow proper aligiiment for Bubsequeiit 
ABflkliio and etching st«>a. "Tb^ pcoviaion ot the alisnmetit 
keys in this feishion requires additional Steps axid 
introduces additional aUgrunent tolerancea which can 
10 increase ndaalignmBnt in subaequent atapa. Tp overcome 
tblB problem, a motvel procMs to eapose alianment keye ie 
provided in tlie prenont invantion aa illustrated in PXQ- 
3. 

Refarxing apacifically to FIG. 3, a thin layer of 
15 upper dielectric layer 30- ia removed so that alignment 

keys printed and processed in ttie same metallization l^ar 
&e Tie 19' protrude elightly above the upper surface. 
While the amount tliat via IB' protrudes above the surface 
of dielectric layer 20' ie mostly dependeot upon the 
20 procesaee used in removal and eubaequent aligiunent. it has 
been found that approxijnately 30 QA ia an adequate amount 
to get a clear alignment fiignal for this purpose. The 
snail aanount of dielectric layer 20' cjan be removed by any 
convenient method including selective atcbinfl, anaehanical 
25 poliBliing, etc. With * portion of dloloctrie layer 20' 
removed ao that via IB' protrude* slightly, a blanket 
connecting metallEatlon layw 22' i» deposited. Via IB" 
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produces a han^ 23* in lay^^r 22* which 1e used bs an" 
alisnawnt key in aubsequent steps. By teying or aligning 
eubmquent to via 18", the aLignment la more 

aecurete than It would be by forming an a*ait4onal 
5 alignment key in layer 23'. Also, the addition of the 
atep to remove a portion of layer 30 ' does not add 
ftobstantlally to tl» con^ilexity of the fabrication 
process, since a polishing or jgmoothiii^ step is already 
iocludad for layer 2D' and this step Is ointply performed 
10 Cor an additional Jihort period ot time. 

Tuming no* to FKJS. 4, 5. and 6, a seariea of 
aectional views of an mtj memory col-i 30 are illustxatad 
to explain the iBwortance of uniform apacing of the ends 
of the maguBtic layers. As ill-ufltratwJl specifically in 
15 4r vms memory oell 30 includes a non-maSBtetic 

conductor 3 3 fonning a lower electrical contact for BCM 
metnory coJi 30. Note that, in the above description, 
layer 23' of FIG. 3 ie generally the sam© as conductor 32 
in FIG. 4. MTJ memory cell 30 further includes a pinned 
20 magaetio layer 34. a. tunnel barriex layer 35 poaitioned on 
layer 34 ^ and « free aiagnetid layer 3£ poflitioned on layer 
35. Additional information aa to the fabrication and 
operation o± mtj memory cells can be found in Patent No, 
5,702,B31, entitled "Multl-Laysr Magnetic Tunnelinflr 
25 Junction Hesoory C^lla", iaaued 31 warch 1938. and 
incorporated herein by reference. 
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It slKiuld -be nobed Waat tlie pattom tranafer of free 
magnetic layer 36 and pinned magnetic layer 14. i& 
iiUJortant ta the paraneters of MTJ memory cell 30- That 
is. when ttM onda of free magnetic Isyar 36 wre paaitionea 
subfltantiDilly e(iu«I distancea t£Om the ends of piiuiQd 
autguetic layer 34, as illuatratad in PIO, 5, the magnetic 
flux lined (ilJuBtrated toy arrows 37 in FI<3. 5) are equal r 
indicating ^ balanced coupling betweo free zmgnetic layer 
36 and pinned magnetic layer 34- When the dietances 
between ths ends are unaqgal, as llluatrated in FIG, 6, 
due to ewer lay or odflrBflria tratlon during tl» fabrication 
process, an unbalanced raagnstic eouplinfl results. The 
effect oE the unbalanced (nagiietic coupling ie a shift in 
the hysteresis loop for the MTJ imoxy cell which, as will 
he ujnderBtood by Uiose skilled in the art, produces a 
difference in the reading and writing levels for the cell. 

Tuminff now to PXO- 7 through FXG. 14. a series of 
sectional and top views are shown illustrating sequential 
st^e in a fabrication process for an MTM memory cell in 
accordance with, the present inveotton. Here it should he 
understood that only a single jneraory cell ie illnetxated 
for convenience but generally a complete array of cells 
(or arrays of cells) will be formed simultaneously. 
Referring apeoitically bo PIGS- 7 and a, W meniory cell 
40 includes a non-magnetic conductor 43 fonning a lower 
electrical contact for KtJ memory cell 40 bO a via 41. A 
digit line 43 extends peufpendicular to TXQ. 7, into and 
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out of the paper with via 41 and <3tgit line 43 fortned In a 
dielectric lay«r 47 generally described iibove, mtj 
mem&iry cell 40 Eoixther includes a piimed magiietic l^yar 
44, a trniMl barriox layer 45 positioned on layer 44. hn& 
B free rflftgnetic lay«r 46 positioned on layer 45- Layers 
43/44. and 45 ar« each dn^potfited as blanket iRyers and 
free magnet lo layer 46 is patterned onto blanket layar 45 
in a well knawn jnamiBr. Free wa/gnetic layer 46 is 
illUBtrated in end view in FiO- 7 aa«a ia rotated ninety 
degceeB in the tap plan view illuatrated in FIG. 8, 

With free naflnetlc layer 46 deposited in a desired 
position relative to via 41 «nd digit line 43, sidewall 
spacer 50 ±8 forrted on all four sides of top nwtal layer 
46, ae lllnstrated in the sectional view of FIG. 3 and the 
top plan vi«w of FIG, 10. Sidewall spacer 50 may tft 
formed using any of the vf^U known proceesee for the 
fomation of sidewalle and, as is known in the art, the 
thicJoiesB or spacing provided by eidewall 50 can be 
adjusted in a variety of ways during the proceed. A.- thin 
etch stop layer 52 ia deposited as a blanket layer over 
the entire area of KKJ memoiv cell 40, as ilLuatrated in 
FIG, 11. A sectional vi^, as seen from a line 12-12 in 
FIG. 11 iB illustrated in PI<3, 12- 

Referrinsr specifically to FIGS- 13 and 14, a blanket 
hardmasJc layer 55 1b deposited over the entire area of MTVr 
mereory call 40 on etch atop layer S2. tJsing etandard mask 
and etch teclMii<iuea, hardmask lawyer 55 ia formed to 
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overlie or d&rino <mly & deaired portion of MTJ jnemoxy 
coll 40. Here it will be undsxetcoa t-Jiat hardmaffk layer 
55 don Include any material which, is capable of being 
■•loctivelY ©tahBd rolattw to atch atpp layer S2. For 
5 exBinplfl, harcbnaak layer 55 can include aluminum nitride 
[AlH) or the like which can be conveniently etched with a 
wet etch or * chlorine chemistry etch, that will have 
little or no effect on etcli stop layer 52. Etch stop 
layer 52 can include a silicon oxide or the like which cart 
m be conveniently etohodr along with blanket layers 45, 4J. 
and 42 by on etch that will have little or no effect on 
hardmask layer 55. Thus, hardmask layer 55 is deposited 
and etched to define the limite of MTJ Tnejwry cell ^10 «ind 
is then «aed aa a hardwaak to etch Layers 52. 45, 44, and 
15 42 to actually form MTJ inertoxy cell 40. Ui tbia prooeas, 
jBidewall spacer SO is used to specifically position the 
ende of free magnetic layer 46 eub&tantially equal 
daetax>ceB from the efnds of pinned magnetic layer 44. 
ReferridC specifically to FIG, IS, a BlJapllfied 
20 aectional view of a gomplete array 60 of compact MMH 

cells 40 («&oh cell being sianilajf to cell 40 of FISS. 13 
and L4) in accordance with tba present invention. Each 
MKAM cell 40 has aaeociatod therewith an interconnect 
stack 13' and ikn isolation traneistor 12', all formed tm 
25 and supported toy a eubotrate 11' , as eagjlainod above. 

Each interconnect stack 13" is terminated in an extended 

via 14' (generally as diMKjribed above) that extends i 

I 

i 

i 
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thxouah At l«Aet two layers of mater IbI and elliiiitiat<53 the 
metaliaation cannection or line t^mdnation nonnally u0«a. 
A bit line 62, a^aociated with each row <or colymn,} of 
array 60 is coiroected through an «3c tended vi« «nd 
5 int^comnact stack 64 to one of the iaoXation transi^bon 
12 ' . Kara it Bhould be undWHtood that 0119 digit lina iZ 
la aBBociated with each oolujan iox raw) □£ array €0. 
KhilQ lljiea 4S are referred to herein "digit liae«" oAd 
lines 62 are referred to as "hit lines* for convenience in 

10 thifl ex£>lanatiot3, it will be understood that these titles 
coul4 he Fweraed or clianged in specific applications 
(e,ff., program lines) and are not intended to in any 
limit the Invention^ 

T!huB, a method of fahricatlxig a coinp^^t 

15 magnotoreaiBtive random access ipieinory cell and/or an airay 
of cells is disclosed. The method includes terminatiner 
intorconnoot staclca with a via, which extend* through 
sevei-al layers^ to eliminate the naed for a line 
tszmination or meta ligation cozmecbion. -Since the 

20 mctalization coormection or line termination requires a 
lower limit or minimum area value within the lithograEittiy 
process, the njorel use of the extended via reduces the 
area of each memory cell and, bherefoire, suketantially 
reduces the overall area of an array o£ tnetnory celle . 

2& Also, the upper end of the via ia e9i3>osea Kud used to form 
an alignment key, wftiich eliminates a nuDher of stqps 
normally re<iu.ired for the formation of aliafoment keys and 
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raduoes aligmnent toleraucee for taettar alifliiiii«it of 
eoBVoneaitB within ©acli meraary cell. Further, the ends of 
the Crea magnetic l*y©r in each VTJ jnenciory call are 
positioned aubatantially etiual diotancea from the ende of 
5 the pinned magnetic layer eo that a t>alanced corupling 
between the free magnetic layer anfl the pinned magjifltie 
layer ia conplBtently achiavwd. The equal distancaa aE 
th« ends are accompli shefl through the uaa of aiaevall 
dpacexfl and selective etching, 

10 While ve have jshown and deecrlhed specific 

embodiment a of the present iave<iition> further 
inadifie«tlc3(nB and iiiiKirowomento will occur to thoae eJtillea 
in the art. We detfire it to be landerstood, therefore, that 
thiB invention is not limited to the particular forms 

15 shown and we intend in the eppanded claiins to cover all 

aiGdif icatione that do not deipart from the spirit and scope 
of tills invention. 
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What is claimed Isi 

1. A method of f ahricatinsj A coo^acb magnet arcs! stive 
remAem. act;esfi memory cell conqptriBlng bha stfitps of; 
5 providing a Eemidonductcir siibatxate having an 

ieolatioji tratLsistor thereon; 

fonning- an inbercosULact atack on the dul^atrata In 
Gommunicatlan with one texindnaL of the transistor; 

poaitionirnr a bit line adjaeant ait ttfiper eti<3 of the 
10 intaxcozmect stack f anQ 

forming a via on tha TJppw and of th* Interconnect 
sbocOc so aa to ecKtend from it poaition below the bit line 
bo a position above the bit line. 

X5 2. A josthod of fabricating a compact nugnetOKeei stive 

rcmdom access Kianwry cell as claimed in claim 1 wherein 
til* atep of forming the via includes e^ttenfiing the via 
through at least two layers of material , 

20 3- A method of faloricating a comsjact tna^etorBBiative 

random acceae memory call as claimed in claim 1 T#herein 
the atep of forming the via includes providing a layer of 
dielectric inaterial covering the bit line and surrounding 
an uiver «nd of the via, the layer of dielectric matarlal 

25 hanging an tapper surface. 
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4, A method of fabricating a conqpact magnetoresl stive 
random access momary cell ae claimed in claiiA 3 whexein 
the Btep of providing the layer of dielectric material 
includes forming the layer o£ dielaotric mataxlal so th«t 

S the upper «nd of the via extends above tKe -upper eurtaea 
of the layer of dielectric material to provide all 
aliptunfittt lt«y. 

5. A method of fabricating a compact magnctoreBi stive 
10 random accees nwmory cell as claiiifid in alaiw 4 including 

in aadltion a step of poaitioninsr • magnetic tunnel 
junction awmory cell on tha upacwc aurfaca of the layer of 
dielectric material. 



15 6. A method of fabricating a coerpact mflgnetoreoiative 

xandom access mflmorv cell ae claimed in. claiwi 5 wtwrein 
th« magnetic tunnel junction tnemory cell ia formed in a 
staelc of layers and a prograirtoing lin* is £oj:«»d in a ' 
layer below the magnetic tunnel junction. 

7. A method of fabticatirvg a con^wict magnetoresistive 
random access memory cell as claimed in claim 6 therein 
the Btep of positioning the magnetic turuiel junction 
memory call on the upper surface Of the layer of 
25 dielectric material includes poaitionlng a non-ioagnBtlc 
conductor on the upper surface o£ the layer of dielectric 
material and Id contact with the via. 
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e. A nethod of fabricating a con^iact inagnetoreeifitivB 
ramdwn bcc^bs ntonory cell as clolniEd in claim 7 itdiereiti 
the atep of positioning the masmetic tuntwl Junction 
S memory cell on the upper surface of the layer of 
dielectric material furtHer iacludee the cteps of 
positioning a pinned layer of maBnetic material on the 
non-magnetic conductor, poBitioning a twuial barrier on 
the pinned layer of magnetic material, and positioning a 
10 tree layer oi magnotic material on tlM tunnel barrier. 

9 . A method of fabrl eating a ciainpact Tcnagnetoreai stive 
candom acce»» memory cell as claimed in claim 5 wherein 
the etep o£ poBitio<ntng the magnetic tunnel junction. 
15 memory cell on the upper surfaoe of the layeaf of 
dielectric laaterial includes the steps of: 

depositing a blanket layer of conductive non-magnetic 
macexial on the upper Buxface of the layer of dielectric 
material and in contact with the via; 
30 depositing a blanket layer of magnetic jnaterial on 

the blanket layer of oanductive non-tnagnetic inaterialj 

dei>Ositing a blanket layer of tunnel barrier material 
on the blanket layer of magnetic material; 

fonniJig a layar o< free magnetic material on the 
35 blanket layer of timrjel barrier material and a top metal 

layer of top of the free magnetic layer, the layer of free 
magnetic material being poaitiocied in overlying 
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relafcionship to the bit line, th* t<ip avetal layer having 
first and second ends and eda«e definlTig an oxtent for an 
area of th« ntagrkstic tunnel iuncti&n memory cell; 

fonning sidew»ll spacers on bbe edgea of the top 
5 mvtal layer r 

formina a hard maslt overlying th.« top xnet^l laywr eudd 
at Least portions of ttm aldewall spacers . tbe liard mask 
ejct ending beyond tha adg«B of the layer of £ree magiwtic 
material; and 

10 using tlie hard mask, etclking the blanlcet lAyer ot 

tunnal Darrlec material, the JilanJcet layer of niaffiwtle; 
material, and the blanket layer of conductive non-magnetic 
material to provide the blanket layer of magnetic material 
with *dge3 which eactsnd beyond the first and second ©nda 
15 o£ the ley«r of free magneble material substantially eqyal 
diBtancoB- 

ID. A method of fabricabinor a coniqpact 
magnetoresi stive randcjm access memory cell as claiired in 
claim 9 wherein the st^ of forming the bard inask includes 
the steps of deposltinff a blanket layer of etch step 
material in overlyin^^ relationship to the layer of free 
magnetic ir^terial and the aldewall spacers , dwpoalting a 
blanket layer of hard mask material r and masking and 
etching the layer of hard mask nkftterial using the etch 
atop Layer to protect the sidewall epacars. 
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11. A method Of fabricabing a coppact 
magnetoresistlve raitdcflnri access memoxy cell bb claimad in 
claim 10 wHerain the Step of etctxlng the blanket layer of 
tunn«l barriez matwfiAl Inclu^aB using tlie bard maalc to 

5 ©tela the etch atop layer. 

12. A metbofl txi fabricating a cocnpact 
wagnQtoresistlve random accesa memory c*ll as clainwa in 
claim 10 wherein the a tap of forming the layer of fr«a 

10 iiwign«tic Material incliKlM depositing a contact layer of 
nan-cnagnetlc conductive material on an upp«r aurface of 
tha layer of fraa magnetic mal^erial. 

13. A metbod of fabricating a cortpact 

15 Mgnetoreaietive ra:ndom access monory cell as olalmod in 
claim 12 including in addition the a tops of forming a via 
through the hard cnaaX and forming another of a bit line 
and a digit lino in ovwrlying ralationehip to the hard 
maBlc and in contact with the contact layer of wMi-wagnetlc 

20 conductive material through the via. 

1*. A method of fabricating a compact magnetic tunnal 
junction memory cell comprising the stepe of; 

providing a blaufcet layer of magnetic iraterial; 
25' depositing a blanket layer of tuimel barrier TOterlal 

{Xi tha blanket layer of magnetic material j 
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forming a layer of free lOagnetie materiftl on tlie 
hlanJcet layer of tunnel barrier n^aterial, the layer ot 
free maSmetic material having first end second gdAa and 
edg«s definid^ 4m extent for em. aiteA of the iRagneblc 
5 tunnel jiinctiQH memory cell? 

fonninff a top metal layer with edges on the free 
magnetic l^yer/ 

farming sidewall epacerB on the odges of the top 
Kietal layer; 

10 torxdna a hard iMWJc overlyinfl the free jnagnBtic layer 

and at leaat portion* of the sidewall spacera, the hard 
na&k extending beyond the edges of the top netal lajrer; 
and 

using tha bard maak, e telling: the hlanJcet layer of 
15 tunnel barrier TOtarial and the blatiJcet layer of roagnetic 
niaterial to provide the blanket layer o£ magnetic material 
with edges whicH extend beyond the first and BBCOnd ends 
Of the layer of frae magnetic material substantially e<5p»l 
di Atanoee - 

20 

15, A tnetbod of fabricating a coinpaet 
magnetoireaietlve random access lonemory cell comprising the 
steps of; 

proiriding a seoLiconductor substrate having on 
3& isolation, transistor thereon; 

forming ah interconnect stack on the substrate in 
coinramicati'on with ona tertftinal of the traiiBistor, the 
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IntarconndCt Btaek beinsr fonaod at leaat partially in 
aielectric material; 

positioning a bit line adjacent on upper end of the 
interconnect staoX in thm dielectric natox-ial; 
5- depositing a blanlcet layer of cotiducti™ non-ltiagii«tic 

material on an upper surface of the laywr of dielectric 
loatarial in eanmunication with the interconnect BtacTcj 

depositing a blanket layor of magnetic TOterial on 
the blanket layer of conductive non-anaflnetic naterial; 
10 depoaitinjj a blanket layer of tunnel barrier material 

on the blanket layer of magnetic material; 

forvdng a layer of free magnetic material on tbe 
blanket layer of tunnel barrier material and a top metal 
layer on tbe free magnetic layer, tb© layer of free 
15 magnetic material being positioned in overlying 

relationship to the bit line, the top nwtal Layer having 
first and second eeida and edges defining an extent for an 
area of the magnetic tunnel junction msmory cellr 

forming aidewall spacers on the edgee of the top 
20 Kietal layer; 

forming a hard mask overlying tb© f r«a magnetic layer 
and at leaat portions of the aidewall spacers, the hard 
uta^k extending beyond the edgee of the layer of free 
magnetic material; and 
25 ufling the bard mask, etching the blanket layer of 

tunnel barrier material, tlie blanket layer of Magnetic 
rtatecrial. and the blanket layer of conductive non-magnetic 
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material to provide the blanket laywr of magnetic jnatarial 
with edge» which extend iteyoad the Eiret and Gecond ends 
of the laiyer of free magnetic material substantially etiual 
dia bonces. 

16* A conijact inasnetoreeistlve random aca«BB nwmoxy 
call conprising: 

a a«aniconductor substrata having ui iBolation 
transistor therein; 

an InterooEinect staclc formed on the eubetrate ana 
coypled to ana tentdnal of tha transxftbor; 

a bit line positioned adjacent an tipper enx2 o£ tbe 
interconnect stacfc; and 

a v|.a f onoG<3 on tha upper end of the interconnact 
etack and extending from a position below the bit line to 
a posltian above the bit line. 
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